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The Large Hadron Collider (LHC) is CERN’s next particle accelerator project, scheduled for
commissioning in 2005. The project requires DC-converters to supply the superconducting
magnets. While the converters are being developed, actual superconducting magnets with very
high-time constant are not available.
This paper describes an electronic solution capable, like an actual superconducting magnet, of
extracting a current from an actual or dummy converter.
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At a time when the converters for the LHC are being developed,
superconducting magnets are rarely available for converter tests.  Let us recall
that the magnets require large-scale, costly, cryogenic installations, which are
not generally available in the test areas.
The purpose of this note is :
- To illustrate the difficulties involved in constructing a physical inductance
able to replace a superconducting magnet, including cases of equipping
mock-ups operating at reduced power.
- To put forward an electronic solution capable, as a real superconducting
magnet, of extracting from an actual or dummy converter a current
programmed to operate in four quadrants.
2. Analog Simulation and Design of a Physical Inductance
The LHC converters are designed to supply specific magnets operating at low
voltage and high current with a long time constant (up to 23000 seconds).
These conditions make it difficult to substitute such magnets with conventional
inductances for test purposes (even at low power).
A rapid calculation shows, for example, that an inductance of 1000 henry with
only 10 A of current, must weigh 28 tonnes if it is to satisfy the thermal
conditions, and 412 tonnes in order not to exceed 1 ohm of internal resistance.
It is therefore obvious that, even in the case of a mock-up operating at very
reduced power, an active inductance (dummy load) alone cannot be used to
simulate a superconducting magnet.
3. Configurations
The envisaged principle for making a dummy load is taken from the well-known
diagram for the application of an op amp set-up for dynamic inductance
operation (Fig. 1).
3Figure 1 - Dynamic Inductance
The op amp has then to be replaced by a power amp and the circuit adapted to
allow the operator 1/(1 + τs) to be physically represented by a single RC
combination referred to ground.
A “current mirror” output is then added to the system, allowing the shape of the
current conducted by the dummy load to be seen without the use of direct
current converters (Fig. 2).
Figure 2 - Dynamic Inductance with Current Mirror
4. Specification
As we have just seen, the purpose of the three above-mentioned projects is to
reproduce the characteristics of a superconducting magnet as accurately as
possible.  The goal is, in particular :
• To allow time constants of up to a few tens of kilo-seconds.
• To follow accurately the exponential shape of the current decrease (it must
be possible to incorporate other equations to simulate, for example, a
magnet string acting as a delay line).
• Finally, to prevent the dynamic component (in this case the power amplifier)
from producing noise in excess of a set limit of ± 1ppm.
45. Design and Construction of a Dummy Load
Two design and construction projects are envisaged :
• The first (Fig. 3), which is already operational, consists of equipping a mock-
up of a thyristor converter designed to study different configurations.  The
load is restricted to 300 W (± 10A, ± 30V).
• The second (fig. 5A, 5B), which is an extrapolation of the first, uses an
amplifier 10 times more powerful. It will allow us to experiment with
converters at a current of 100 A.
Figure 3 - Dummy Load Project 1
6. Performance
The following performance has been achieved with project N°1 (adjusted to R =
2 ohms, L = 2 kH and I = 10 A) :
• Maximum time constant (depends directly on the quality of the capacitor C
and on the amplifier supplying it) : approx. 500 kilo-seconds.
• System noise and bandwidth (these characteristics can be assessed using
the drawing Fig. 4, where a voltage of 200 mVpp has been applied at the
terminals of the dummy load).
It can be seen that the current noise does not exceed .2 div., or 2 µA at 10 A
max., or .2 PPM.
5I =1µA/div. U = 100mV/div. t = 20ms/div.
Figure 4 - Diagram of Voltage and Current
7. Conclusion
The design and the performance of the 10A dummy inductance with very high
time constant have been proved.  This active load is currently used to evaluate
control algorithms and converter topologies.
Development and construction of a dummy load with higher current is finished
(Fig. 5A & 5B).  Investigations have not yet been completed on the subject of
compatibility with the transfer function of the combination “converter and
dummy load”.
However, a circuit called “transfer function control” is foreseen and will be
implemented in the circuit if needed.
6High-Current Dummy Load  (Project 2)
Figure  5A - Control Part
7High-Current Dummy Load  (Project 2)
Figure 5B - Power Part
